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NATIOFAL ATVISORY COMMITTER FOR AFRONAUTIC

MEMORANDUM REPORT

for the
Alr Materiel Commend, U. S. Army Air Forces
HIGI~SPEED WIND-TUNNEL TESIS OF A 1/1L-SCAIE
MCODEL OF A FOUR-ENGINE CARGO AIRPLANE

By William T. Hmilton

SUMIARY
: n - . - ie . ~
Thls report presents results of tests on a2 1/lb—scele model of
a four-cngine cargn a2irplane, which wes tested in the 16—oout high-
speed wind tunnsl., The hi «SFO ch::wct;rist* : i
particularly tho longitudinel ility and cont

investigated.

The teat rcsult

in longitudinal
stability or controellebili e spe . the pradicted
maximm level-flight spescd by more than 38 porcent. 4bove this
speed, large changes occurred in the stabiliity cnd 1ift coefficient

for halance

TITRODUCTION

, a 1/lh—scale model of
d i qiﬁ“—speof wind tunnel
oraurvy of the Fational Ldvisory Committoe
plane 1s a four—engine low—wing

At the request of the Armr Air nor gk
a cargd airplanc was teshto ®
the “mes fLeromautical ILab
for Acronasutics. The air
monoplane.

The purpcse of the tests was to investigate the high—speed
characteristics of this airplane, particularly the longitudinal
stability and control in dives.
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APPARATUS
Medel

figure 1 and

A three--riew drawing of the model is shown in f
2 shows the com—

pertinent information is given in table I. Figure
rlete model installed in the 1600t wind vunnel. he cutboard
nacelles could not be ccmpletsly removed because they housed the
forvard sunport trunnicns, hence thelr usual cowled noses and spinners
W Taired noses (fig.3) for certain basic testis.

5

were replaced by smoctl

The wing was built cf mashogany scrswed Lo a hollow steel spar
of welded construction. The fuselage was made of solid mehogony
and bolted to the wing. The nacelles were made of solid birch and
were screwed to the wing., The tail was made of aluminum allcy and
wag bolted to the fuselage. The elevators were held in place by
steel brackets. The fillets were made cof "cerro-bend” metal.

A3 tested, the model fluttered. This ceondition was
remedied approxvinately 50 pounds of lead shot in bhe nose
of the T

Windi Tunnel

RESULTS
The results are to the usual 1ift, drag and moment
coefficients and presented as functions of M, o, and .

whers

M Mach number (\

o angle of attack of the fuselage referecnce line, corrected for
the tunnel—wall effocts as given in the cquation for A

ceometric angle of attack of the fusclage refcronce linc




Pitching moments are given about the centor of gravity as
located in figure 1.

The following tunnel-wall corrections werc applied to the test
results (refercnce 1):

Ao o= 0.310 Cp,
ACp = C.0C34 Cp2
&0, = 0.0037 Cp (teil-on runs cnly)

Approximate 1ift, drag, and pitching-moment tarcs werc obtained
with the model remavad loav*ng tho struns with fairings on their
upper ends, as in Tigure . These tores are shown in Tigure 9.

Since no corrections for dbuoyancy, stream inclination, or interference
heve been applied to the drag data, thoy should bo used for compara—
tive purpcses only. The pitching mements have been correctod Tor

the downflow of the alr stream at tho tail position ¢f the model

(fig. 6). This downflow was moasured with the modcl romoved,

DISCUSSION OF RESULTS

Longitudinal Stability
characteristics of tho model in various stagos
shown in figures 7, &, and 9. Figurce 7 ond &
tail—-off instebility increased at Mach nwibors abmvn 0.075.

[

which shows thc characteristics of the complete model,
indi no appresiable chonge in pitching momont or static longi-—
tudinal stability through the range of Mach numbers from 0.3 to 0.5,
J"\‘

Az the Mack number incrcascd Trem 0.5 to 0.65, the stabilit
decreased at negative 1ift coefficients, but romzincd about the
same at positive 1ift coefficicnts. About 0.65 Mach number, the

stability increased and a largc cnange in the 1if% coofficient for
balonce cccurred. The increase in St”b¢llu7 appearced first at the
tighecr 1ift cocofficients, as indic d by the brezkes in the moment

curves of figurc 9(d). Bﬂﬂﬂuso oP thc Incrocase in stebility and the
change in 1ift coefficicnt for balance, a greator incroment of
pitching moment is ro uirod of tho clovator in order to control the
alrylane. At 1ift coefficients corresponding to level flight this
increase in stability appearsd =t specds ranging from 460 miles per
hour at 29,000 feot altitude to 515 miles por hour at sca level. This
rosult indicates a considerable mawﬂi“ of safcty over the prodicted
moximum specds in level flight of 247 milsos per hour at 29,000 feet
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increments of drag coefficlent added by the separate addition of the
component parts wers as followsz:

Filleta -0,0016
Inboard nacelles 0.0012
Tail 0,0032

The 0.0032 increment of drag coefficient duve to the tail was
measured with the inboard nacelles removed from the model. With the
inboard nacslles in place, the incrsment of drag coefficilent due to

the tail was 0,0051, an increase of 0,0019.

At small 1ift coefficlent, the wing-fugslage fillets had little
or no effect on the critical speed but, at the higher 1lift coeffi-
cients, the critical speed was increased by the addition of the
fillets (fig. 11(c)). 7The addition of the inboard nacelles reduced
the critical Mach nmuiber approxirnately 0.02.

CONCLU3TIONS

1. The tsst rasults indicated that the longltudinal stability
and control remained normal until speeds at least 38 percent above
the maximum predicted level~flight speeds had been reached.

2. The elevator effectiveness at 1ift coefficients of zeroc and
0.1 was maintainsd up to a Mach number of 0.725., Thisz Mach number was
considerebly higher than the critical Mach number. However, the elevator
effectiveness was less at Mach rumbsrs above 0.5 fcr 1ift coefficients
greater than 0,1, The increased stability and large changes in 1if:
goefficient for balance at speeds above the critical rendsred the
elevator less capable of controlling the zititude and 1lift coeffi-
cient at these speeds,

3, The inboard nacelles caused the drag coefficient of the tail
to increass from 0.0032 to 0.0051 at a2 1ift coefficient of 0.3, and
at a Mach number of 0.45 (a repressntetive flight).

Ames Aeronautical Laboratory,
National Advisory Committes for Asronautics,
Moffett Field, Calif.

REFERZNCE

1. Silverstein, Abe, and White, James A.: Wind-Tunnel Intsrference
with Particular Reference to Off—Centsr Positions of the Wing
&nd to the Downwash at the Tail, NACA Rep. No. 547, 1935,



TABLE Y.- DIMENSTONS NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

WING: \
Area 8.43 sq ft 1652.28 sq £t
Root section NACA 23018
Root chord 15.71k in. 13.333 £t
Root chord incidence +30
Tip section NACA hhi2
Tip chord 7.286 in. 8.500 ft
Tip chord incidence +1°
Span 105.43 in. 123,0 £t
Dihedral 7°-36'-38,2"
Aspect ratio . 9.16
Mesn serodynamic chord 12.571 in. 1Lh.67 £t
Cege tO elev.)
Tail length\ hinge line 46.39 in. 5h.12 ft
HORIZONTAL TAIL:
Area 2.39 8q ft L168.4ly sq £t
Span 42.86 in. 50,00 ft

Root section

inverted modified NACA 23013

Tip section

inverted modified NACA 23010

Incidence

+0, LFSO

ELEVATOR 3

Area (aft of H)

0.57 8q ft 111.72 sq £t

Percent total horigz. tall area

23.8 percent

Span (excluding cut-out) 16.28 in. 18.99 rt
TOTAL VERTICAL SURFACE:
Area 1.23 8q ft 2l41.08 sq rt
QUTB'D VERT. SURFACE (each):
rea  ° 0.46 8sq ft 90,16 8q £t |
Wing loading - L43.6 #/3q £t
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Figure 2.~ The model mounted in ths 16-foot wind tunnel,




Figure 3.- Details of smooth faired nose on outboard nacelle
(outboard nacelles faired).
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Figure 4.- The tare set up.
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